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Description 

[0001] This invention relates to methods of precisely 
forming through holes in (100) silicon wafers by orien- 
tation dependent etching (ODE) either before or after 
fabrication of the integrated circuit on the wafer. More 
specifically, the invention involves ODE to fabricate in- 
tegrated circuit (IC) wafer subunits having precision 
through holes which define butt edges or surfaces for 
forming a butted array of subunits. The ability to precise- 
ly locate and dimension butt edges or surfaces of IC wa- 
fer subunits (or chips) finds use in the precision deline- 
ation of these wafer subunits for any extended array us- 
ing subunit modules. Wafer subunits are aligned in ex- 
tended arrays to form, e.g., pagewidth printheads for 
inkjet type printers, or RIS and ROS arrays. 
[0002] Previous attempts at placing through holes in 
silicon wafers after integrated circuit fabrication have 
encountered many problems. Since virtually all integrat- 
ed circuit fabrication is done in (100) silicon wafers, the 
most precise fabrication process involves etching (111) 
plane through holes or recesses into a surface of the 
wafer. However, it was impossible to apply the standard 
etch resistant masking layer of pyrolytic silicon nitride 
over the integrated circuitry due to the high temperature 
(greater than 800°C) process for that film, which would 
cause silicon-aluminum interdiffusion. Consequently, 
one previous method for fabricating through holes in- 
volved etching (111) plane troughs into a back surface 
of a wafer opposite the upper circuit surface so that the 
troughs would just intersect the upper surface of the wa- 
fer. Afundamental problem with etching only through the 
back surface of the wafer is that the width of the opening 
on the unetched upper surface is a function of the wafer 
thickness. Since it is not uncommon for wafers to have 
variations in thickness, it has not been possible to pre- 
cisely locate openings on the circuit side of the wafer. 
For example, if the etch mask is designed to produce a 
through hole H adjacent the integrated circuit IC and just 
reachingthe upper integrated circuit surface CS of a 508 
urn thick wafer (see Fig. 1 B), it will actually produce 
a 35.6 nm wide opening on a 483 jam thick wafer W 2 
(Fig. 1A) and will not produce any opening at all on a 
533 um thick wafer W 3 (Fig. 1C). 
[0003] The effect of variations in wafer thickness is 
addressed in US-A-4, 169,008 to Kurth. Kurth discloses 
a method of forming an ink jet nozzle in a (100) silicon 
wafer by etching through obverse and reverse surfaces 
of the wafer. The method does not produce butt edges 
and is not performed after integration circuit fabrication 
on the wafer. The etch resistant layer used by Kurth'OOB 
is not plasma silicon nitride. 

[0004] Thermal ink jet printers contain printheads, 
such as roofshooter printheads shown in Figure 2 and 
described in US-A-4,789,425 to Drake et al. The print- 
heads are constructed from silicon wafer subunits (or 
chips) 1 which include nozzles 2, reservoirs 3 for con- 
ducting ink to the nozzle outlets and integrated circuitry 



4. The integrated circuitry includes a resistive heater el- 
ement which responds to an electrical impulse to vapor- 
ize a portion of the ink in a passageway 6 which provides 
the motive force to form an ink drop which is expelled 

5 onto a recording medium. Some printheads, such as 
sideshooter printheads shown in Figure 3 and described 
in US-A-4,601 ,777 to Hawkins et al, are formed from a 
number of wafer subunits , S 2 , S 3 butted together and 
layered upon a support substrate. The sideshooter print- 

10 head includes nozzles 7 and resistive heater element 
circuit 8 located on a heater substrate 9 for controlling 
ink output from each nozzle 7. In each case, the print- 
head is wired to a daughter board, placed in communi- 
cation with a source of ink and mounted on a carriage 

is of an ink jet printer for reciprocation across the surface 
of a recording medium, such as paper. Alternatively, a 
pagewidth array of wafer subunits, as shown in Figure 
4, can be formed by butting together a plurality of sub- 
units S^ S 2> S 3 into the length of a pagewidth. In a 

20 pagewidth array configuration, the array is fixed and the 
recording medium moves at a constant velocity in a di- 
rection perpendicular to the array. 
[0005] Since silicon wafers are not currently available 
having a length corresponding to a pagewidth, the cur- 

25 rent practice is to form the nozzles, passageways and 
integrated circuitry on silicon wafers, separate these wa- 
fers into wafer subunits (or chips) which contain butt sur- 
faces or edges, align these subunits along their butt sur- 
faces or edges into an array having a length of a 

30 pagewidth, and attach the array to a substrate to form 
a pagewidth printhead. The layering of the wafers, if 
necessary, to form the complete printhead can be per- 
formed before or after separation into subunits. Since 
many wafer subunits are aligned to form an array, each 

35 subunit must be uniform. In order for the subunits to be 
uniform, the location of the butt edges or surfaces rela- 
tive to the circuitry must be precise. Additionally, since 
the step of separating a wafer into subunits is performed 
as a batch, well prior to the step of aligning the subunits 

40 into arrays, the later step usually involves selecting sub- 
units from a bin which contains subunits having a variety 
of thicknesses. When the subunits S v S 2 are formed 
with diagonal butt surfaces, a difference in height Ah be- 
tween adjacent subunits results in a lateral shift 0.7Ah 

4S of the circuit surfaces CS of these subunits (see Figure 
5)- 

[0006] One previous technique for forming butt edg- 
es, shown in Figures 6A-6B, involves orientation de- 
pendent etching a groove 10 on one surface of the wa- 

50 fer, placing a dice cut 11 in the opposite surface of the 
wafer and applying a force F to fracture break the wafer 
along line 12 into subunits to produce butt edges 13. 
Adjacent subunits are then butted together at the butt 
edges 1 3 (Fig. 6B). Disadvantages of this technique are: 

55 the fracture edges can produce cracked passivation up 
to 50 micrometers away, the butt edges 13 are razor 
edges which are easily damaged, and any difference in 
chip thickness Ah between two subunits results in a lat- 
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eral shift of 0.7Ah of one chip surface relative to the oth- 
er. The lateral shift is due to the angle of the (111 ) etched 
surfaces. 

[0007] Another previous method for forming butt sur- 
faces, illustrated in Figure 3, involves orientation de- 
pendent etching troughs entirely through the wafer, giv- 
ing a parallelogram cross section to the wafer. By this 
method, the butt surfaces 15, 16 are crystal (111) 
planes. Advantages of this method are (1) the butt sur- 
faces are formed gently by wet etching, and (2) the butt 
surface is a robust crystal plane. A disadvantage is that 
two separate through etches are required and the area 
between the butted surfaces is so large that dirt particles 
can prevent intimate butting. 

[0008] Another previous method, illustrated in Figures 
7 A and 7B, which requires only one through etch, in- 
volves making at least one through etch 20 on one sur- 
face of the wafer to define a first butt edge 21 and divid- 
ing the wafer into DIE 1 and DIE 2, forming a trough 22 
on the other surface of the wafer, and then making a 
dice cut 23 through the trough 22 to form a second butt 
edge 24. The first butt edge 21 of each subunit is butted 
against the second butt edge 24 of an adjacent subunit 
(Fig. 7B) to form the array. This method reduces the 
amount of etch time required and also reduces the butt 
edge area. However, since a dice cut is required, it is 
possible to produce cracked passivation. This method 
also is susceptible to a lateral displacement of 0.7Ah due 
to differences in adjacent chip height Ah. 
[0009] A further previous method, illustrated in Fig- 
ures 8A and SB, involves producing butt edges by reac- 
tive ion etching (RIE) from the circuit surface to a groove 
G cut into the base surface. This method is advanta- 
geous in that it produces vertical butt surfaces 25, 26 
and thus differences in the height of adjacent butting 
chips do not result in lateral displacements. A disadvan- 
tage is that the RIE trenches must be etched prior to 
metal oxide silicon (MOS) fabrication due to potential 
oxide damage from the high energy ions. Reference is 
made to US-A-4 822 755. 

[0010] US-A-4,601 ,777 to Hawkins et al discloses 
thermal ink jet printheads which are formed in (100) sil- 
icon wafers. The wafers can be separated into subunits 
to form printheads and the printheads can be aligned 
into pagewidth arrays. The wafers are separated into 
printheads by dicing. 

[0011] US-A-4,612,554 to Poleshuk discloses a ther- 
mal ink jet printhead and method of making same. The 
printheads are formed from (100) silicon wafers on 
which the integrated circuits are fabricated after appli- 
cation of an etch resistant pyrolytic silicon nitride layer. 
Poleshuk discloses dicing to form butt edges. 
[0012] US-A-4,784,721 to Holmen et al discloses a 
process for fabricating a thin film microsensor for airflow. 
The process only etches through a back surface of a 
(100) silicon wafer, does not provide a through hole in 
the wafer and does not discuss the fabrication of butt 
edges. 



[0013] T.S. Kuan et al. in IBM Technical Disclosure 
Bulletin Vol. 21, No. 6, November 1978, pp.2585-2586 
discloses a two sided groove etching method to produce 
silicon ink jet nozzles. The method involves (pyrocate- 

5 chol) etching a groove defined by (111) surfaces in op- 
posing surfaces of a (100) Si wafer, the etching com- 
mencing at points directly opposite each other so that 
the grooves eventually join up in the middle of the wafer. 
[0014] It is an object of the present invention to form 

10 precision through holes in (1 00) silicon wafers using ori- 
entation dependent etching, particularly after fabrication 
of the integrated circuit on the wafer. 
[0015] It is another object of the present invention to 
fabricate (100) silicon wafersubunits having precision 

is butt edges. 

[0016] Another object of the present invention is to 
fabricate pagewidth printheads by precisely aligning ad- 
jacent (100) silicon wafer subunits. 
[0017] According to one aspect of the invention, there 

20 is provided a method of separating one or more subunits 
from a silicon wafer having a (100) crystallographic ori- 
entation, the method comprising: anisotropically etching 
the wafer by orientation dependent etching through at 
least one pair of etch openings corresponding to the 

25 boundaries of the subunits and being formed in etch re- 
sistant layers on the upper and lower face of the wafer, 
respectively, wherein the or each etch opening in the 
etch resistant layer on lower face is substantially verti- 
cally aligned within a predetermined tolerance with a re- 

30 spective space etch opening in the etch resistant layer 
on the upper face, thereby forming at least one pair of 
parallel, aligned recesses at the etch openings, the re- 
cesses being bounded by surfaces lying in planes hav- 
ing a (111) crystallographic orientation, the width of the 

35 etch openings of each pair being such that the etched 
recesses each have a depth less than the thickness of 
the wafer but each pair of parallel, aligned recesses in- 
tersects within the thickness of the wafer to form an 
opening through the wafer. 

40 [0018] The invention further provides a method of 
mounting subunits in a linear array, according to claims 
7, 8 and 9 of the appended claims. 
[0019] The invention further comprises a method of 
fabricating a printhead for an ink jet printing apparatus, 

45 according to claim 1 0 of the appended claims. 

[0020] The present invention preferably makes use of 
an etchant material, e.g., plasma silicon nitride, which 
can be applied at a relatively low temperature between 
250°C and 450°C, which enables masking of the IC side 

50 of the wafer without silicon-aluminum interdiffusion. 
[0021] In one application of the present invention, an 
integrated circuit is fabricated on a (100) silicon wafer. 
After fabrication of the IC, an etch resistant layer is ap- 
plied on circuit and base surfaces of the wafer. These 

55 etch resistant layers are patterned to form upper and 
lower etch openings and the wafer is anisotropically 
etched to form upper and lower recesses which corre- 
spond to the upper and lower etch openings. These up- 
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per and lower recesses intersect one another to form a 
through opening which is precisely aligned with the in- 
tegrated circuitry on the wafer. 
[0022] The wafer can then be separated along the 
through holes to form wafersubunits (or chips) which s 
have precisely defined butt edges. These butt edges are 
formed without dicing thereby reducing the risk of dam- 
age to the passivation layer of the wafer. The wafersub- 
units can be aligned in an array to form a pagewidth ink 
jet printhead or any other type device requiring an ex- io 
tended array of (100) silicon wafer subunits. 
[0023] The invention will be described in detail with 
reference to the following illustrations in which: 

Figures 1A-1C show a prior art method of forming is 

butt edges by anisotropically etching only through 

a base surface of a wafer; 

Figure 2 shows one type of ink jet printhead; 

Figure 3 shows an array of ink jet printheads; 

Figure 4 shows another array of ink jet printheads; 20 

Figure 5 shows wafer subunits having different 

thicknesses butted against one another; 

Figures 6A-6B show a prior art method of forming 

butt edges by fracturing; 

Figures 7A and 7B show a prior art method of form- 25 
ing butt edges by anisotropic etching and dicing; 
Figures 8A and 8B show a prior art method of form- 
ing butt edges by reactive ion etching; 
Figures 9A-9F show an embodiment of the present 
invention; 30 
Figures 1 0A-1 0D show a second embodiment of the 
present invention where contact pad vias are 
formed; 

Figures 1 1 A and 1 1 B show yet another embodiment 
of the present invention; and 35 
Figures 12A and 12B show a further embodiment 
of the present invention. 

[0024] The present invention involves fabricating a 
through opening of predetermined dimensions in a (1 00) 40 
silicon wafer by orientation dependent etching after the 
fabrication of integrated circuits on the wafer. The open- 
ing extends through the wafer between the circuit sur- 
face of the wafer and the parallel base surface of the 
wafer. By this method, the through opening can be pre- 
cisely located relative to the integrated circuit on the cir- 
cuit surface of the wafer. Butt edges or surfaces can then 
be formed along the through openings so that the butt 
edges or surfaces have the precise location and dimen- 
sions of the through opening. 50 
[0025] As illustrated in Figure 9A, a (100) wafer 30, 
preferably of silicon, is supplied having an upper surface^ 
31 (hereafter referred to as the circuit surface) and an 
opposite base surface 32. The (100) wafer includes a 
(1 00) plane defined in terms of mono-crystalline silicon" ss 
electro-physical geometry as a plane parallel to surface 
es of the parallel-piped structure of the crystal. The up-^ 
per and base surfaces are generally within ± 1° of this 



(100) plane. Another plane of crystalline silicon, gener- 
ally diagonally of the (1 00) plane, and known to the ar- 
tisan as the (111) plane, lies at an angle, for silicon, of 
54.7° to the (100) plane. The present invention makes 
use of the selection of an etchant which etches through 
the (100) planes much faster than the (111) planes. 
[0026] A (1 00) silicon wafer 30 having circuit and base 
surfaces 31 and 32, respectively, is obtained and the 
integrated circuitry 33 is fabricated on the circuit surface 
of the wafer. An etch resistant layer 34 (Fig. 9B) of plas- 
ma silicon nitride is formed on the circuit and base sur- 
faces of the wafer. The etch resistant plasma silicon ni-- 
tride layer on the circuit surface is patterned to produce 
an upper etch opening 35 (Fig. 9C) having a preciseJo- 
cation and precis e dimensions which define the pjede- 
termined Ideation andllimensioTis'oflh^thfough open- 
in g/fbe plasma silicon nitride layer on the" base surface 
is patterned to produce a lowerjstch opening 36 which 
is aligned with the upper etch opening 35 within a pre- 
determined tolerance. The wafer is then anisotropically. 
etched to produce a first r ecess 37 (Fig. 9D) correspond- 
ing to the upper etch opening 35 in the circuit surface of f 
the wafer and a second recess 3B corresponding to the I 
lower etch opening in the base surface of the wafer. The \ 
first recess 37 terminates at point P, but the secondare- 1 
cess 39 continues to ejchjowardthejrst recess 37 as l 
illustrated by the arrows in the second recess. Each of \ 
these first and second recesses are<bounded by (111) 
plane sidewalls. The anisotropic etching of the second 
recess 38 eventually intersects the first recess 37 (Fig 
9E) to form a through opening 39 bounded by (1T1) 
plane sidewalls 40, 41 (Fig. 9F). This through opening 
has its dimensions and location defined by the pattern- 
ing of the upper etch opening on the circuit surface of 
the wafer. 

[0027] During etching, the (111) planes of the first re- 
cess 37 are rapidly etched and exchanged for the (111) 
planes parallel to those of the second recess 38 be- 
cause, at the external intersection I of the (111)"planes 
of the first and second recesses (Fig 9E), etching occurs 
rapidly relative to the etch rateperpendicular to the (111) 
planes. However, while t he ori ginal (111) planes of the 
first recess 37 are rapidly etched away, a ne w set of 
(111) planes emerge, which are also determined by the 
pattern for the upper etch opening 35. This creates an 
etch ledge 42 which moves toward and finally termi- 
nates at the pattern for the lower etch opening 36. Two 
internally intersecting (111) planes intersect at the etch 
ledge 42 and terminate the etching. 
[0028] As noted above, the invention empJoys_etch_ 
patterns on opposite sides of the wafer^The pattern for 
the lower etch opening 36 is to etch through the wafer 
while the pattern for the upper etch opening 35 (which 
is usually smaller than the pattern for the lower etc h~"( 
opening) is designelTt^rcc^ j 
mensions of the entire through opening. " 
[0029] The present invention~makes _ use of an etch 
resistant material which is applied at a temperature in 
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the range of 250°C to 450°C. This enables the etch re- 
sistant layer to be applied over the integrated circuit 
without causing silicon-aluminum interdiffusion, which 
would occur it a high temperature (800°C) pyrolytic sil- 
icon nitride etch resistant material were applied. Al- 
though plasma silicon nitride is preferred etch resistant 
material, other materials can be used so long as they 
can be applied at a temperature in the range of 250*C 
to 450°C, preferably about 350°C. 
[0030] By this method, the location and dimensions of 
a through opening are controlled by the etch opening 
formed in the circuit surface of the wafer regardless of 
the thickness of the wafer between the circuit and base 
surfaces. This is one important advantage since previ- 
ous methods were prone to errors in through opening 
location due to variations in wafer thickness. 
[0031] One method of applying the etch resistant lay- 
er to both the circuit and base surfaces makes use of a 
graphite boat. The etch resistant layer is first applied to 
one of the surfaces, e.g., the circuit surface, to form a 
first coated surface. The first coated surface is then 
placed on a graphite boat and the etch resistant layer is 
applied to the other surface. Either surface can be coat- 
ed first. Alternative methods of coating the wafer can be 
employed so long as both the circuit and base surfaces 
are sufficiently coated with the etch resistant layer. 
[0032] The step of patterning the etch resistant layer 
to form the upper and lower etch openings can be done 
using a double sided aligner, although alternative meth- 
ods can also be used. The etch pattern on the circuit 
side of the wafer serves to define the precise opening 
of the ODE through hole, as well as precisely define its 
location. The etch pattern on the back side of the wafer 
is usually larger and serves to provide most of the 
through etch. Consequently, the lower etch opening 
need not be located as precisely as the upper etch open- 
ing. However, the lower etch opening must be aligned 
with the upper etch opening within a predetermined tol- 
erance so that the recess formed during anisotropic 
etching intersects the recess which corresponds to the 
upper etch opening in the circuit surface. 
[0033] In one preferred embodiment of the present in- 
vention, illustrated in Figures 10A-10D, the wafer 50 is 
fabricated to provide for opening the contact pad 51 of 
the integrated circuit wafer after the anisotropic etch is 
completed. This embodiment, the etch resistant layer 52 
applied to the circuit surface 53 is patterned to produce 
a contact pad opening 54 at a predetermined location 
on the integrated circuit IC (Fig 10A). A low temperature 
oxide layer 55 is applied over the circuit surface to ex- 
pose the upper etch opening 35 but cover the contact 
pad opening 54 (Fig 10B). This low temperature oxide 
layer can be applied by chemical vapor deposition 
(CVD). An additional etch resistant layer 56 is applied 
over the low temperature oxide layer 55 and is also pat- 
terned to expose the upper etch opening 35 and cover 
the contact pad opening 54 (Fig 10C). After the wafer is 
anisotropically etched, the additional etch resistant layer 



56 is removed, exposing the low temperature oxide lay- 
er 55, which is subsequently removed to expose the 
original etch resistant layer 52 having the contact pad 
opening (Fig 10D). This permits the contact pad to be 
s wire banded. The additional etch resistant layer 56 can 
be removed by, e.g., a CF 4 /0 2 plasma or hot phosphoric 
acid. The low temperature oxide is easily removed in, e. 
g., a buffered HF solution. 

[0034] Since the method of the present invention en- 
io ables through etched holes to be precisely defined (both 
dimensionally and positionally) by standard photo- 
lighography on the integrated circuit side of the wafer, it 
finds use in a number of applications. The method can 
be used to produce butt edges on chips without any me- 
is chanical steps, which is beneficial in that it reduces the 
number of work stations required and prevents passiva- 
tion layer damage. 

[0035] Another embodiment of the present invention, 
illustrated in Figures 11 A and 11B, controls the aniso- 

20 tropic etching of the first and second recesses 65, 66 so 
that the etching stops at first and second predetermined 
depths between the circuit and base surfaces of the wa- 
fer. This method finds particular application in fabricat- 
ing wafer subunits having buttable edges located at a 

2£ uniform distance below the circuit surface of the wafer. 
[0036] One method for producing a buttable edge in 
a (100) silicon wafer with the buttable edge located be- 
tween a circuit surface of the wafer and an opposite par- 
allel base surface of the wafer involves controlling the 

30 etching of the lower base surface of the wafer to stop at 
a depth less than the thickness of the wafer. A (100) sil- 
icon wafer 60 (Fig. 11 A) is obtained and the integrated 
circuits 67 are fabricated on the circuit surface of the 
wafer. An etch resistant layer 62, 63 is applied onto the 

35 circuit and base surfaces of the wafer in a manner sim- 
ilar to the described above. As stated earlier, the etch 
resistant layer should be applied at a temperature be- 
tween 250° C and 450*C, and is preferably plasma sili- 
con nitride, if the etch resistant layer is to be applied 

40 after the integrated circuits have been fabricated on the 
circuit surface of the wafer. Next, the etch resistant layer 
on the base surface is patterned to produce a lower etch 
opening. The wafer is anisotropically etched to produce 
a recess 66 (Fig 11 A) corresponding to thelower etch 

45 opening in'the base surface of the wafer and bounded 
by (111 ) plane sidewalls. This recess 66 has a first pre- 
determined depth less than the thickness of the wafer. 
Another etch resistant layer 64 is reapplied onto the 
base surface to prevent further etching of the recess 66. 

50 The circuit surface of the wafer is then patterned with 
an etch resistant material to produce an upper etch 
opening having a predetermined location in alignment 
with the recess 66 and predetermined dimensions with 
respect to the integrated circuits. The wafer is anisotrop- 

55 ically etched to produce a trough 65 corresponding to 
the upper etch opening in the circuit surface and bound- 
ed by (111) plane sidewalls. The anisotropic etching of 
the trough 65 continues to a second predetermined 
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depth so as to intersect the recess and form the buttable 
edge E defined by the intersection of the (111) plane 
sidewalls of the recess 66 and trough 65. Adjacent sub- 
units St , S 2 , S 3 are then butted together along their but- 
table edges E (Fig 11B). 

[0037] One way to control the depth of etching is to 
implant or diffuse a relatively shallow (e.g., 2 microme- 
ter) p + region 61 into the silicon wafer prior to circuit 
fabrication. After completion of the IC's, application and 
patterning of the etch resistant layers is performed. An 
etchant which is dopant sensitive such as, e.g., KOH is 
chosen so that etching is considerably slowed when the 
p + region is reached, thus ensuring that a thin (e.g., 2 
micrometer) reproducible silicon layer will remain. Thus, 
provided that the p + region is able to sufficiently slow 
the etch, the depth of the etch from the base surface can 
be controlled to stop at a depth less than the thickness 
of the wafer and a uniform distance from the circuit sur- 
face of the wafer. 

[0038] Thus, an anisotropic etching of the wafer to 
form the trough of predetermined depth in the circuit sur- 
face defines the location of the buttable edge by con- 
trolling the intersection of the (111) plane sidewalls of 
the recess and trough. Additionally, the location, size 
and alignment of the etch openings on the base surface 
are not critical since the point of intersection of the upper 
trough and lower recess is controlled by the depth of the 
lower recess and size of the upper trough. This method 
is useful for, e.g., producing printhead wafer subunits 
which are then aligned in series with their butting edges 
adjacent to and butting against one another in a length 
corresponding to a page width. This series of aligned 
wafer subunits is then secured to a support substrate 
having a length corresponding to a pagewidth. Since the 
butt edges are small, the possibility of dirt contaminating 
the butting surfaces is reduced. 
[0039] As illustrated in Figures 12A and 12B, a further 
method for producing a buttable surface in a silicon 
(100) wafer by orientation dependent etching after 
processing of integrated circuits on the wafer involves 
etching the circuit surface first. An alignment hole 71 is 
formed at a periphery of a (iOO) silicon wafer 70 by ori- 
entation dependent etching, the alignment hole defining 
a (1 1 1 ) plane surface 72. Integrated circuits 73 are fab- 
ricated on the circuit surface in alignment with the (111) 
surface 72 of the alignment hole 71 . An etch resistant 
layer 74, 75 (e.g., plasma silicon nitride) is applied on 
the circuit and base surfaces of the wafer. The etch re- 
sistant layer on the circuit surface is patterned to pro- 
duce an upper etch opening which is then anisotropical- 
ly etched to produce a trough 76 corresponding to the 
upper etch opening and bounded by (111) plane side- 
walls, the trough having a first predetermined depth and 
defining a first buttable (111) surface 80. The anisotropic 
etching is stopped and an etch resistant layer 77 is re- 
applied on the circuit surface to prevent further etching 
of the trough 76. The etch resistant layer on the base 
surface is patterned to produce two spaced lower etch 



openings 81, 81, each opening being located on the 
base surface at a predetermined location with respect 
to the alignment hole 71 . A first one 81 of the openings 
is aligned with the trough 76. The wafer is anisotropically 

s etched to produce two recesses 7B, 79 each corre- 
sponding to one of the lower etch openings and bound- 
ed by (1 1 1 ) plane sidewalls. A first lower recess 78, cor- 
responding to the first one 81 of the lower etch openings, 
has a second predetermined depth sufficient to intersect 

10 the trough 76. The other recess 79 is permitted to ani- 
sotropically etch through the wafer to define a second 
buttable surface 90 parallel to a (111 ) plane surface 72 
of the alignment hole. Upon separation, the subunits are 
butted with the first buttable surface 80 of one subunit 

is contacting the second buttable surface 90 of an adja- 
cent subunit. This method produces subunits with pre- 
cise, rebuts butting edges with no mechanical or ion 
beam damage. 

[0040] While the present invention has been de- 

so scribed with reference to forming through openings 
those skilled in the art recognize that the through open- 
ing may define buttable surfaces for butting adjacent 
subunits together in a precisely aligned array. For ex- 
ample, multiple subunits may be formed from a single 

2S wafer by ODE of the wafer in accordance with the 
present invention and dividing the wafer into the subu- 
nits along the buttable surfaces formed by the ODE. 
[0041] Further, the present invention has been de- 
scribed by formation of through holes after formation of 

30 integrated circuitry on the wafer. However, the invention 
is applicable equally to manufacture of wafers prior to 
integrated circuit fabrication, for example by providing a 
method of cutting wafers into subunits without dicing. 
[0042] The invention has been described with refer- 

35 gnce to the preferred embodiments thereof which are 
intended to be illustrative rather than limiting. 



Claims 

40 

1 . A method of separating one or more subunits from 
a silicon wafer (30) having a (100) crystallographic 
orientation, the method comprising: 

anisotropically etching the wafer by orienta- 
ls tion dependent etching through at least one pair of 
etch openings (35,36) corresponding to the bound- 
aries of the subunits and being formed in etch re- 
sistant layers (34) on the upper (31 ) and lower face 
(32) of the wafer, respectively, wherein the or each 
50 etch opening (36) in the etch resistant layer on the 
lower face is substantially vertically aligned within 
a predetermined tolerance with a respective space 
etch opening (35) in the etch resistant layer on the 
upper face, thereby forming at least one pair of par- 
55 allel, aligned recesses (37,38) at the etch openings, 

the recesses being bounded by surfaces lying in ) 
planes having a (111) crystallographic orientation, 
the width of the etch openings of each pair being 
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such that the etched recesses each have a depth 
less than the thickness of the wafer but each pair of 
parallel, aligned recesses (37,38) intersects within 
the thickness of the wafer to form an opening 
through the wafer. 

2. The method of claim 1 wherein the orientation de- 
pendent etch of the recess formed at the lower etch 
opening (36) continues until the opening through 
the wafer is bounded by surfaces lying in (1 1 1 ) crys- 
tallographically oriented planes extending from the 
edges of the etch opening (35) at the upper face 
(31 ) of the wafer toward the lower face (32) of the 
wafer and forming an acute angle with the upper 
face of the wafer. 

3. The method of any one of claims 1 and 2 wherein 
the recess (37) in the upper face and the recess (38) 
in the lower face are etched at the same time. 

4. The method of claim 1 further comprising applying 
the etch resistant layers (62,63) to the wafer (60) 
with the etch opening of said at least one pair only 
in the etch resistant layer (63) on the lower face of 
the wafer and etching the wafer to form the recess 
(66) in the lower face, wherein the anisotropic etch- 
ing of the recess in the lower face of the wafer is 
controlled, preferably to means of a doped layer of 
uniform depth adjacent the upper face, to stop the 
etching of the lower recess at a first predetermined 
depth, then re-applying an etch resistant layer (64) 
so as to cover the recess (66) in the lower face and 
forming the etch opening of said at least one pair in 
the etch resistant layer (62) on the upper face of the 
wafer, and then etching the wafer to form the recess 
(65) in the upper face, wherein the etching of the 
recess (65) is controlled to stop at a second prede- 
termined depth by the re-applied etch resistant lay- 
er (64), the opening through the wafer being formed 
by the intersection of the upper recess with the low- 
er recess. 

5. The method of claim 1 further comprising applying 
the etch resistant layer (74) to the wafer with the 
etch opening of said at least one pair only on the 
upper face of the wafer and etching the wafer to 
form the recess in the upper face, thereby forming 
a first butt surface (80) in a (11 1 ) crystallographically 
oriented plane, then re-applying an etch resistant 
layer (77) so as to cover the recess (76) in the upper 
face and forming the etch opening (81) of the at 
least one pair and a further etch opening (81 ) at the 

, opposite boundary of each subunit in the etch re- 
sistant layer (75) on the lower face on either side of 
each subunit, and etching the wafer to form respec- 
tive recesses (78,79) in the lower face, thereby 
forming a second butt surface (90) at the further 
etch opening (81). 



6. The method of any one of claims 1 to 5 wherein in- 
tegrated circuitry is fabricated on the upper face of 
the wafer prior to application of the etch resistant 
layers. 

s 

7. A method of mounting a plurality of subunits in a 
linear array, comprising the method of claim 2 or 3, 
and further comprising placing a butt edge (91 , 92) 
defined by the intersection of the upper face of the 

io subunit and the surface of the subunit formed by 
etching the lower recess in contact with a corre- 
sponding butt edge of an adjacent subunit. 

8. A method of mounting a plurality of subunits in a 
f s linear array, comprising the method of claim 4, and 

further comprising placing a butt edge (93) defined 
by the intersection of a surface of the subunit 
formed by etching the upper recess with a surface 
of the subunit formed by etching the lower recess 
20 in contact with a corresponding butt edge of an ad- 
jacent space subunit, wherein the butt edge (93) is 
located at a distance corresponding to the second 
predetermined depth from the upper face. 

2S 9. A method of mounting a plurality of subunits in a 
linear array, comprising the method of claim 5, fur- 
ther comprising, for the or each subunit, 

placing the first butt surface (80) of the subunit 
in contact with the second butt surface (90) of an 

30 adjacent subunit. 

10. A method of fabricating a printhead for an ink jet 
printing apparatus, comprising the method of any of 
claims 7 to 9, wherein the subunits comprise ink jet 
35 printing devices. 



Patentanspruche 

40 1. Verfahren zum Trennen von einer oder mehreren 
Teileinheiten von einem Siliziumwaf er (30) mit einer 
(100)-kristallographischen Ausrichtung, wobei das 
Verfahren umfaGt: 

anisotropisches Atzen des Wafers mit Hilfe ei- 

45 nes von der Ausrichtung abhangigen Atzens durch 
wenigstens ein Paar von Atzoffnungen (35, 36), die 
den Grenzen der zu bildenden Teileinheiten ent- 
sprechen und in atzbestandigen Schichten (34) je- 
weils auf der oberen Flache (31 ) und der unteren 

50 Flache (32) des Wafers ausgebildet sind, wobei die 
oder jede Atzoffnung (36) in der atzbestandigen 
Schicht auf der unteren Flache im wesentlichen ver- 
tikal innerhalb einer vorbestimmten Toleranz mit ei- 
ner raumlich entsprechenden Atzoffnung (35) in der 

55 atzbestandigen Schicht auf der oberen Flache aus- 
gerichtet ist, urn wenigstens ein Paar von paralle- 
led miteinander ausgerichteten Vertiefungen (37, 
38) an den Atzoffnungen zu bilden, wobei die Ver- 
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tiefungen durch Oberflachen begrenzt sind, die in 
Ebenen mit einer (111)-kristallographischen Aus- 
richtung liegen, wobei die Atzoffnungen jedes Paa- 
res eine derartige Breite aufweisen, daB dje geatz- 
ten Vertiefungen eine Tiefe aufweisen, die geringer 
is! als die Oicke des Wafers, wobei sich aber jedes 
Paar aus ausgerichteten Vertiefungen innerhalb 
der Dicke des Wafers uberschneidet, um eine Off- 
nung durch den Wafer zu bilden. 

2. Verfahren nach Anspruch 1 , wobei das von der Aus- 
richtung abhangige Atzen der an der unteren Atz- 
offnung (36) gebildeten Vertief ung fortfahrt, bis die 
Offnung durch den Wafer durch Oberflachen be- 
grenzt ist, die in (111 )-kristallographisch ausgerich- 
teten Ebenen liegen, die sich von den Kanten der 
Atzoffnung (35) an der oberen Flache (31) des 
Wafers zu der unteren Flache (32) des Wafers er- 
strecken und einen spitzen Winkel mit der oberen 
Flache des Wafers bilden. 

3. Verfahren nach Anspruch 1 oder 2, wobei die Ver- 
tiefung (37) in der oberen Flache und die Vertiefung 
in der unteren Flache (38) gleichzeitig geatzt wer- 
den. 

4. Verfahren nach Anspruch 1 , das weiterhin umfaBt: 
das Aufbringen von atzbestandigen Schichten (62, 
63) auf dem Wafer (60), wobei die Atzoffnung des 
wenigstens einen Paares in der atzbestandigen 
Schicht (63) auf der unteren Flache des Wafers 
ausgebildet ist, und das Atzen des Wafers, um die 
Vertiefung (66) in der unteren Flache zu bilden, wo- 
bei das anisotropische Atzen der Vertiefung in der 
unteren Flache vorzugsweise durch eine dotierte 
Schicht mit gleichmaBiger Breite in Nachbarschatt 
zu der oberen Flache kontrolliertwird, um das Atzen 
der unteren Vertiefung bei einer ersten vorbestimm- 
ten Tiefe zu stoppen, dann das erneute Auftragen 
einer atzbestandigen Schicht (64), um die Vertie- 
fung (66) in der unteren Flache zu bedecken, und 
das Bilden der Atzoffnung des wenigstens einen 
Paares in der atzbestandigen Schicht (62) auf der 
oberen Flache des Wafers, dann das Atzen des 
Wafers, um die Vertiefung (65) in der oberen Flache 
zu bilden, wobei das Atzen der Vertiefung (65) 
durch die erneut aufgetragene atzbestandige 
Schicht (64) kontrolliert wird, um bei einer zweiten 
vorbestimmten Tiefe zu stoppen, wobei die Offnung 
durch den Wafer durch die Uberschneidung der 
oberen Vertiefung mit der unteren Vertiefung gebil- 
det wird. 

5. Verfahren nach Anspruch 1 , das weiterhin umfaBt: 
Aufbringen der atzbestandigen Schicht (74) auf 
dem Wafer, wobei die Atzoffnung des wenigstens 
einen Paares nur auf der oberen Flache des Wafers 
ausgebildet ist, und Atzen des Wafers, um die Ver- 



tiefung in der oberen Flache zu bilden, wodurch ei- 
ne erste StoBflache (80) in einer (111)-kristallogra- 
phisch ausgerichteten Ebene gebildet wird, dann 
emeutes Aufbringen einer atzbestandigen Schicht 
s (77), um die Vertiefung in der oberen Flache zu be- 
decken, und Bilden der Atzoffnung (81 ) des wenig- 
stens einen Paares und einer weiteren Atzoffnung 
(81) an der entgegengesetzten Grenze jeder Teil- 
einheit in der atzbestandigen Schicht (75) in der un- 
to teren Flache auf beiden Seiten jeder Teileinheit, 
dann Atzen des Wafers, um entsprechende Vertie- 
fungen (78, 79) in der unteren Flache zu bilden, wo- 
durch eine zweite StoGflache (90) an der weiteren 
Atzoffnung (81) gebildet wird. 

15 

6. Verfahren nach wenigstens einem der Anspruche 1 
bis 5, wobei die integrierte Schaltung auf der oberen 
Flache des Wafers vor dem Aufbringen der atzbe- 
standigen Schichten hergestellt wird. 

20 

7. Verfahren zum Anbringen einer Vielzahl von Teilein- 
heiten in einer linearen Anordnung, das das Verfah- 
ren von Anspruch 2 oder 3 und weiterhin das Pla- 
zieren einer StoBflache (91 , 92), die durch die Clber- 

25 schneidung der oberen Flache der Teileinheit mit 
der durch das Atzen der unteren Vertiefung ausge- 
bildeten Oberflache gebildet wird, in Kontakt mit ei- 
ner entsprechenden StoBflache einer benachbar- 
ten Teileinheit umfaBt. 

30 

8. Verfahren zum Anbringen einer Vielzahl von Teilein- 
heiten in einer linearen Anordnung, das das Verfah- 
ren von Anspruch 4 und weiterhin das Plazieren ei- 
ner StoBflache, die durch die Uberschneidung einer 

35 durch das Atzen der oberen Vertiefung gebildeten 
Oberflache der Teileinheit mit einer durch das Atzen 
der unteren Vertiefung gebildeten Oberflache der 
Teileinheit definiert wird, in Kontakt mit einer ent- 
sprechenden StoBflache einer raumlich benachbar- 

40 ten Teileinheit umfaBt, wobei die StoBflache (93) mit 
einem Abstand zu der oberen Flache angeordnet 
ist, der der zweiten vorbestimmten Tiefe entspricht. 

9. Verfahren zum Befestigen einer Vielzahl von Teil- 
45 einheiten in einer linearen Anordnung, das das Ver- 
fahren von Anspruch 5 und weiterhin fur jede Teil- 
einheit das Plazieren der ersten StoBflache (80) der 
Teileinheit in Kontakt mit der zweiten StoBflache 
(90) einer benachbarten Teileinheit umfaBt. 

50 

10. Verfahren zum Herstellen eines Druckkopfes fur ei- 
ne Tintenstrahldruckvorrichtung, die das Verfahren 
nach wenigstens einem der Anspruche 7 bis 9 um- 
faBt, wobei die Teileinheiten Tintenstrahldruckein- 

ss richtungen umfassen. 
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Revendications 

1. Proceed de separation d'un ou plusieurs modules 
d'une plaquetle (30) de silicium d'orientation cristal- 
lographique (100), le procede comprenant : 

I'attaque anisotrope de la plaquetle par une 
attaque dependant de I'orientation au travers d'au 
moins une paire d'ouvertures (35, 36) d'attaque cor- 
respondant aux f rontieres des modules et etant res- 
pectivement formees dans des couches (34) resis- 
tantes a I'attaque sur la face superieure (31) et in- 
ferieure (32) de la plaquette, t'ouverture, ou chaque 
ouverture (36) d'attaque pratiquee dans la couche 
resistante a I'attaque sur la face inferieure etant ali- 
gnee sensiblement verticalement, a une tolerance 
predeterminee pres avec une ouverture (35) d'atta- 
que respective pratiquee dans la couche resistante 
a I'attaque sur la face superieure, en formant ainsi 
au moins une paire d'evidements (37, 38) alignes 
paralleles au niveau des ouvertures d'attaque, les 
evidements etant delimites par des surfaces se si- 
tuant dans des plans d'orientation cristallographi- 
que (111), la largeur des ouvertures d'attaque de 
chaque paire etant telle que les evidements atta- 
ques aient chacun une profondeur inferieure a 
I'epaisseur de la plaquette mais que chaque paire 
d'evidements (37, 38), des evidements (37, 38) ali- 
gnes forment une intersection avec I'epaisseur de 
la plaquette en formant une ouverture a travers la 
plaquette. 

2. Procede selon la revendication 1 , dans lequel I'at- 
taque dependant de I'orientation de I'evidemment 
forme au niveau de Pouverture (36) d'attaque infe- 
rieure se poursuit jusqu'a ce que I'ouverture traver- 
sal la plaquette soit d6limitee par des surfaces se 
situant dans des plans d'orientation cristallographi- 
que (111)s'etendant depuis les bordsde I'ouverture 
(35) d'attaque au niveau de la surface (31) supe- 
rieure de la plaquette jusqu'a la face (32) inferieure 
de la plaquette et formant un angle aigu avec la sur- 
face superieure de la plaquette. 

3. Procede selon I'une quelconque des revendications 
1 et 2, dans lequel I'evidemment (37) pratique dans 
la face superieure et I'evidemment (38) pratique 
dans la face inferieure sont attaques en meme 
temps. 

4. Procede seton la revendication 1 , comprenant en 
outre Papplication des couches (62, 63) resistantes 
a I'attaque (60) de telle facon que I'ouverture de la- 
dite au moins une paire ne soit formee que dans la 
couche (63) resistante a I'attaque se trouvant sur la 
face inferieure de la plaquette, et I'attaque de la pla- 
quette pour former I'evidemment (66) dans la face 
inferieure, dans lequel I'attaque anisotrope de I'evi- 
dement pratique dans la face inferieure de la pla- 



quette est regulee, de preference au moyen d'une 
couche dopee de profondeur uniforme adjacente a 
la face superieure, pour arreter I'attaque de Pevide- 
ment inferieur a une premiere profondeur predeter- 

5 minee, puis Papplication a nouveau d'une couche 
(64) resistante a I'attaque de facon a recouvrir I'evi- 
dement (66) pratique dans la face inferieure et la 
formation de I'ouverture d'attaque de ladite au 
moins une paire dans la couche (62) resistante a 

10 I'attaque sur la face superieure de la plaquette, et 
ensuite, I'attaque de la plaquette pour former I'evi- 
demment (65) dans la face superieure, I'attaque de 
I'evidemment (65) etant regulee pours'arretera une 
seconde profondeur predeterminee du fait de la 

1S nouvelle application de la couche (64) resistante a 
I'attaque, I'ouverture a travers la plaquette etant for- 
mee par I'intersection entre I'evidemment superieur 
et I'evidemment inferieur. 

20 5. Procede selon la revendication 1 , comprenant en 
outre Papplication de la couche (74) resistante a I'at- 
taque a la plaquette, de telle facon que I'ouverture 
d'attaque de ladite au moins une paire ne soit for- 
mes que sur la face superieure de la plaquette, et 

25 I'attaque de la plaquette pour former I'evidemment 
dans la face superieure, en formant ainsi une pre- 
miere surface (80) de butee dans un plan d'orien- 
tation cristallographique (-111), puis Papplication de 
nouveau d'une couche (77) resistante a I'attaque de 

30 facon a couvrir I'evidemment (76) pratique dans la 
face superieure, et la formation de I'ouverture (81) 
d'attaque de ladite au moins une paire et d'une 
ouverture (81 ) d'attaque supplemental sur la f ron- 
tiere opposee de chaque module dans la couche 

35 (75) resistante a I'attaque sur la face inferieure de 
I'une ou Pautre des faces de chaque module, et I'at- 
taque de la plaquette de facon a former des evide- 
ments (78, 79) respectif s dans la face inferieure, en 
formant ainsi une seconde surface (90) de butee au 

40 niveau de I'ouverture (81 ) d'attaque supplementai- 
re. 

6. Procede selon I'une quelconque des revendications 
1 a 5, dans lequel le circuit integre est fabrique sur 

45 la face superieure de la plaquette avant Papplication 
des couches resistantes a I'attaque. 

7. Procede de montage d'une pluralite de modules 
dans un groupement Iin6aire, comprenant le proce- 

50 de selon la revendication 2 ou 3, et comprenant en 
outre la mise en place d'un rebord (91 , 92) de butee 
defini par I'intersection entre la face superieure du 
module et la surface du module forme par attaque 
de I'evidemment inferieur en contact avec le bord 

55 de butee correspondant d'un module adjacent. 

8. Procede de montage d'une pluralite de modules 
dans un groupement lineaire, comprenant le proce- 
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de selon la revendication 4, et comprenant en outre 
la mise en place d'un bord (93) de butee defini par 
Intersection entre une surface du module forme 
par attaque de I'evidemment superieur et une sur- 
face du module forme par attaque de I'evidemment s 
inferieur en contact avec un bord de butee corres- 
pondent d'un module adjacent, le bord (93) de bu- 
tee etant srtue a une distance correspondant a la 
seconde profondeur predeterminee par rapport a la 
face superieure. w 

9. Procede de montage d'une pluralite de modules 
dans un groupement lineaire, comprenant le proce- 
de selon la revendication 5, et comprenant en outre 
pour chaque module, 15 

la mise en place de la premiere surface (80) 
de butee du module en contact avec la seconde su r- 
face (90) de butee d'un module adjacent. 

1 0. Procede de fabrication d'une tete d'impression pour *° 
un appareil d'impression a jet d'encre, comprenant 

le procede selon Tune quelconque des revendica- 
tions 7 a 9, dans lequel les modules comprennent 
des dispositrfs d'impression a jet d'encre. 

25 
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